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Synopsis
We designed a simple technique for surgical excision of the pineal body in mice. Such can be accomplished in 10 min by a skilled worker and there are no lesions whatever.
In pinealectomized El-strain mice the appearance of convulsions was inhibited up to 30 days, while intact El-mice were all fallen into convulsions by being shaken up and down on a flat carton.
Pentazole-induced convulsions propagate from one ddmouse to another in an aggregated state, but such propagation did not occur in pinealectomized animals. Exploratory movements of pinealectomized dd-mice increased as compared to intact animals and the increase was always more extensively observed in El-mice in which, even in the intact animals, the exploratory movements were much more than those of dd-mice.
From the above-mentioned experiment, it is considered that the pineal body plays a role not only in initiating but also in propagating convulsions, and that it may have a depressive action on motor activities in mice.
The pineal body has long been one of the subjects of interest for investigators in many fields.
At the end of the 19th century, Heubner (1898) reported that this organ was related to the genital gland and thereafter the relation (Quay, 1961; Axelrod and Wurtman, 1968) to light and dark as well as circadian rhythms (Quay, 1963; Axelrod et al., 1965) became apparent. In more recent years, Axelrod (1957) and Wurtman et al.(1963) reported the relationship between the pineal gland and melatonin-synthesizing enzymes.
We have reported that there were rhythms in the appearance of convulsions in El-mice induced by shaking-stimulation and also in that of drug-induced convulsions in dd-mice (Kita et al., 1970) , and that convulsions in E 1. -mice propagated from one mouse to another . It was considered that a kind of antenna might be necessary for such propagation, and such considerations then evolved around the pineal body. To study the relationships between the pineal body and convulsions in mice, the removal of the pineal body is necessitated.
Methods for the removal of pineal bodies from various animals have been reported by some investigators (Horrax, 1916; Izawa, 1926; Anderson and Wolf, 1934; Young, 1934; Nakatani et al., 1940; Nakashita, 1951; Simonnet and Thieblot, 1951; Kitay and Altschule, 1954; Nagata and Yamashita, 1957; Bagnara, 1960; Girod et al., 1963; Hoffman and Reiter 1965; Houssay et al., 1966; Herbert, 1967; Sayler and Wolfson, 1967; Hsieh and Ota, 1969) . However, they were generally an undue lengthy operation, and often produced excessive bleeding, high mortality and injures.
We report herein our newly designed technique for the removal of the pineal body from mice, and post-operative convulsions and motor activities of the pinealectomized mice.
Materials and Methods

Animals
Healthy male dd-mice weighing 20 to 30 g which were thought to be normal on appearance of convulsions and El-mice (Imaizumi et. al., 1959; Imaizumi and Nakano, 1964) , hereditary convulsive mice, aged 12 to 15 weeks which had been transferred from the Department of Veterinary Science, National Institute of Health and bred at Kinki University, were used.
Pinealectomy
Healthy, adult dd-strain mice were anesthetized with pentobarbital 40mg/kg i.p., the parietal skin was wiped with alcohol cotton and shaved. About 15-mm incision is made along the median line between the ear lobes and the skin and periosteum over the os frontale, os parietale and os interparietale are peeled off and the calvalium is wiped absorbent cotton.
Then a part of the calvalium, os parietale ABCDE in Fig. 1 , is excised. For that purpose, holes 0.7 mm in diameter are made on the calvalium using (1) a dental drill, at the point A on the left side 2mm and the point B on the right side 1mm from the median line about 4mm anterior from the intersection of the parietale and interparietale, suture line, with care not to injure the dura mater. The calvalium is chipped, not perforated, at the point D, 0.7mm in diameter, with the dental drill, as this point is just over the confluens sinus. Lines BC, AB and AE are cut with a sharp-edged scalpel. Light scratches are made on the sutures CD and DE, to facilitate the removal of flap ABCDE in the skull.
At this stage, the head of the animal is fitted into a stereotaxic instrument (Brain Orientation Immobilizer, model B-306 for rat and mouse manufactured by Takahashi Ltd. Company, Tokyo).
A tip of a hook is then put into hole A, then into hole B, and the flap of bone is raised by the hook, all the while, with care not to injure the dura mater. The flap ABCDE, hanging on the suture CDE, is removed with dressing forceps. The bone at point D is also removed slowly. At this point, slight bleeding sometimes occurs, but can be arrested easily using absorbent cotton soaked in saline. Confluens of the venous sinuses can be viewed completely.
Next, an incision is made on the dura mater with a sharp needle along the dotted line in Fig. 2 . Iris forceps are inserted under the dura mater from the cut portion under the 2mm opened state of tips of forceps.
The forceps are shut at the point under the confluens sinus by slightly raising the dura, then, pulled out in entirety. The pineal body including the crus is excised.
Bleeding occurs here but can be easily arrested if wet absorbent cotton is applied. Directly after stopping the bleeding, the removed ("Spongel", Yamanouchi Pharm. Co., Ltd.), 6mm square, 2mm in thickness, moistened with saline, is placed on the wound for subsequent hemostasis. Two skin sutures are applied and 1-2 drops of Benzathine benzylpenicillin and procaine benzylpenicillin suspension ("Bicillin", Banyu Pharm. Co., Ltd.) are dropped onto the raphe.
Figures show the order of operation. (2) A skilled worker can carry out the entire procedure in less than 10 min.
The excised body is then confirmed through microscope to be the pineal body. For sham-operation, the same procedure of pinealectomy was used up to the stage that incision was made on dura mater, then the skin was sutured without the removal of the pineal body.
Induction of convulsions in E1-mice Convulsions in El-mice were induced according to the method reported previously . Mice were shaken up and down 10-15 cm in height, 104 cycle/min in frequency. The number of mice which did not fall into convulsive seizures after shaking-stimulation given to them 60 times was expressed as the rate of non-convulsions (RNC).
Pentazole-induced convulsions and propagation in dd-mice Pinealectomized and sham-operated mice were used for the experiments over 7 days after operation. Pentazole 35 mg/kg, i.p. was given to dd-mice, and these animals were housed singly in an opaque plastic cage (isolated group), while another cage housed 7 mice (aggregated group). Cages were placed separately. In both groups, the time before convulsions was measured. The length of time before the clonic convulsion first occurred was considered as the fit time of convulsion.
Administration of pentazole to 7 mice in the aggregated group was done in about 30 sec to shorten the time lag.
Measurement of exploratory movements
The exploratory movement recorder, Tokyo University of Education type (manufactured by TakeiKiki-Kogyo Co., Ltd.) was utilized. Exploratory movements of mice for 15 min in the exploratory were measured in each mouse.
Results
Conditions of animals after pinealectomy Pinealectomized mice moved about in much the same manner as intact mice, even a few hours after the surgery. The survival rate was about 100% 4 weeks after the surgery and the change of body weight, behavior, state of health and appearance were unremarkable.
At the termination of all experiments it was conno pineal body. Thus the rate of success in our technique is about 100%.
Effects of pinealectomy on convulsions in El-mice Fig. 3 shows the daily rate of nonconvulsions (RNC, %) in pinealectomized % survival of pinealectomized mice Fig. 3 RNC in the pinealectomized group was 100% until the 23rd day after operation, that is, convulsions in El-mice were completely inhibited. Convulsion was observed on the 31st day in only one pinealectomized mouse, and RNC then decreased gradually. RNC was 40% or more even 100 days later, and complete recovery was not evident. After the end of periods of experiments or after death it was confirmed that none of these mice used in the experiments had the pineal body.
On the other hand, RNC in the shamoperated group was only 20% even on the 5th day after operation, and this value was close to that in intact El-mice.
Propagation
of pentazole-induced convulsions in intact and pinealectomized dd-mice Fig. 4 shows the result of propagation in pentazole-induced convulsions in ddmice. The time before convulsions in the isolated group of normal mice was from 112 to 252, and 167 sec (mean), while the time in the aggregated group was from 52 to 174, and 116 sec (mean).
Thus, it is considered that convulsions propagate from one mouse to another.
However, the time in pinealectomized mice was about 160 sec in both the isolated and aggregated groups, and such time is close to that in the isolated group of normal mice.
Thus, no propagation of convulsion was observed.
In the sham-operated mice, the time before convulsions in the aggregated group was considerably shorter than that in the time in sec before convulsions (mean•}S.E.) Fig. 4 . Time for induction of pentetrazol-induced convulsions in pinealectomized dd-mice under isolated or aggregated conditions. The axis of abscissa indicates the time kefore convulsions after injection of pentazole. The x marks indicate the time in isolated mice, and the black dots indicate that in aggregated mice. The results of each group are a total of 2-4 experiments.
Significant differences are observed from the value of"isolated", respectively. Fig. 5 shows the exploratory movements of pinealectomized dd-mice and Fig. 6 data on pinealectomized El-mice, as compared with each intact mice.
Exploratory movements of intact and sham-operated dd-mice were about 300 counts throughout.
Those of pinealectomized dd-mice were 400-500 counts (Fig. 5) .
Exploratory movements of intact E 1-mice were 500-600 counts, the rate being higher than in normal dd-mice, as expected. Nevertheless, exploratory movements of pinealectomized El-mice outnumbered those of intact El-mice.
Such high levels were maintained 50 days or more after the surgery (Fig. 6 ).
Discussion
The pineal body in the mouse is located in the area over the corpora quadragemina as that in humans, although the protrusion is slightly different. The pineal body in the mouse is located in the same position as and abscissas indicate days after operation.
Number of animals is 8 male dd-mice per group. that in the rat. As the position is just below the confluens sinus composed of the sinus sagittalis and right and left sinus transversus, bleeding due to injury of the sinus presents a surgical problem.
As early as 1912, Foa attempted pinealectomy in domestic fowls and since then, cats, dogs, rabbits, guinea pigs, lampreys, frogs, ground squirrels, ferrets, quails, hamsters, rats (Izawa, 1926; Anderson and Wolf, 1934; Nakatani et al., 1940; Kitay and Altschule, 1954; Nagata and Yamashita, 1957; Hsieh and Ota, 1969 ) and mice (Houssay et al., 1966a and b) have been used for pinealectomy.
The methods involved were an undue lengthy operation, and produced excessive bleeding, high mortality and injuries.
In this paper we reported a newly designed technique for the removal of the pineal body in mice. In our method for pinealectomy, there are the following merits. The dental drill application is limited. During this application the mice are held in the hand of the operator, and a great shock is not caused by vibration of the drill. As the pineal body is excised under the naked eye, the sinuses are not injured. Ordinates indicate exploratory movements (counts) and abscissas indicate days after operation. Number of animals is 9-12 male El-mice per group. Endocrinol. Japon. October 1978 Bleeding is slight and easily controlled and the time required for the entire procedure is short. For these reasons the mice endure the surgery well.
RNC in pinealectomized El-mice was 100% up to the 23rd day after pinealectomy, while that in intact El-mice was 0-10%.
That is, convulsions in El-mice were perfectly inhibited up to the 23rd day. Thus it is clear that the pineal body has a significant influence on the appearance of convulsions in El-mice.
However, the rate of appearance of the convulsions increased gradually with time. Therefore, a compensatory function for the pineal body should be given consideration.
We have reported that the mean number of shaking required for the appearance of convulsions in El-mice was decreased on shaking 2 El-mice together on a flat carton with compared to that on shaking only one El-mouse , and named the phenomenon"propagation" of convulsions. To make clear the mechanism of the propagation, some experiments were carried out and reported . But the details are indistinct even now.
Then we attempted to clarify a role of the pineal body in the propagation of the convulsions in El-mice.
About 100 adult healthy El-mice are required in one experiment to investigate the propagation of convulsions.
As a sufficient number of El-mice were not available, we adopted the propagation in pentazole-induced convulsions, which is not always thought the same with that in El-mice but is one of the phenomena of induced-convulsions in a broad sense.
The time before convulsions has been found to be shortened significantly in grouped states (Kita et al., 1970) . The sense of sight, hearing, smell or touch, spiritual matter or the others may be thought as factors for shortening time.
But we thought the phenomenon, shortening time, to be a kind of propagation from wide Melatonin, a pineal hormone, has a sedative effects (Arutyunyan et al., 1 .964) and prolongs the sleeping time induced by hexobarbital (Marczynski et al., 1964; Barchas et al., 1967; Anton-Tay et al., 1968) . We supposed that the motor function was raised by the removal of the pineal body containing melatonin. And so, exploratory movements were examined. Consequently, the exploratory movements were increased in dd-mice and also in Elmice for a long period of time after pinealectomy, and the degree of increase was larger in El-mice.
These findings suggest that the pineal body may have a depressive action on motor activities in mice.
In this report, some experiments were mentioned from a standpoint of behavioral, pharmacological science, about depressive influences on the appearance and propagation of convulsions and increasing influences on the motor activities in mice by pinealectomy.
The mechanisms of each result and the relationship among these results are the subjects to be examined here after this.
